Abstract: Ab initio and density functional theory methods have been applied to study the molecular structure and interaction of water with N-methyl-2-propenylidenimine and Nmethyl-2-butenylidenimine molecules. The most possible reactive sites of the above molecules have been identified for the water interactions. The strength of the hydrogen bond is discussed using the atomic charges, which were calculated using the Mulliken population analysis and Natural population analysis schemes at MP2/6-31G* level of theory. The electron density (ρ) and laplacian of electron density (∇ 2 ρ) have been calculated for the possible existence of the hydrogen bonds with CH and CH3 groups of molecules using the "Atoms in molecules" approach. The chemical hardness and chemical potential for these complexes have been calculated at HF/6-31G* level of theory and discussed for the conformational stability of these molecules.
Introduction
Bacteriorhodopsin (bR) is a transmembrane protein and its function as a light-driven proton pump and present in the outer purple membrane of Halobacterium salinarium. The light-absorbing chromosome is a retinal molecule that is covalently bonded via its Schiff base to the ε-amino group of Lys 216 [1] . The retinal interaction may include hydrogen bonds with the protonated Schiff base. A resonance Raman study suggests that a negatively charged counter ion located near the Schiff base group is stabilized by water molecules [2] . Solid-state 13 C and 15 N NMR experimental results are being used to construct a model in which a water molecule is directly hydrogen-bonded to Schiff base [3] . , which we call here NMP [5] , and (E)-N-methyl-2-cis butenylidenimine, [CH 3 -NH=CH-CH=CH(CH 3 )] + which we call here NMB. The water can bind with these model compounds NMP and NMB along NH and CH sides as a proton acceptor.
Computational details
The second-order Møller-Plesset perturbation theory (MP2) [6] of ab initio method, Becke's three parameter exact exchange functional (B3) [7] combined with gradient corrected correlation functional of Lee-Yang-Parr (LYP) [8] and Perdew and Wang's 1991 (PW91) [9] functional of DFT have been employed to optimize the N-methyl-2-propenylidenimine, N-methyl-2-butenylidenimine molecules and with water molecules by implementing 6-31G* basis set. The water interactions have been made along NH, CH and both the sides of the NMP and NMB molecules. The structural optimizations have been performed for all the above said positions of water molecules with NMP and NMB molecules.
The Basis set superposition error (BSSE) has been corrected using the Boys and Bernardi's counter poise method [10] E AB =E AB -(E A (AB)+E B (AB)), where E AB is the interaction energy of the complex, E A (AB) and E B (AB) are the energies of monomers in the complex. The chemical hardness (η) and chemical potential (µ) have been calculated using the highest occupied molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) energies determined by the HF/6-31G* method. The natural population analysis (NPA) and Mulliken population analysis (MPA) studies have been carried out at MP2/6-31G* level of theory. The topological parameters such as electron density and laplacian of electron density have been calculated for CH and CH 3 groups with water molecules using the "atoms in molecules" approach to identify the additional hydrogen bonds on the above groups. All the calculations were performed using the Gaussian 98W program [11] .
Results and Discussion

NMP-Water Interaction: Geometries and Energetics
The model Schiff base molecules NMP and NMB and water molecules hydrogen bonded with NMP and NMB in different sites ( Fig. 1 and 2 ) have been optimized at MP2, B3LYP and B3PW91 levels of theory employing 6-31G* basis set and the results are presented in Tables 1 and 2 . geometrical parameters of isolated NMP and NMP-water complexes. In the present study, the Post
Hartree-Fock and density functional theory methods have been applied for NMP and NMB molecules and with water interactions of the above molecules. We have included more number of water molecules on both the sides for the above molecules. It is interesting to study the variation of structural parameters due to the formation of hydrogen bond with water molecule. The C1-N2 and N2-C3 bond lengths are found to be the same for the water interaction along CH side and there is a small decrease on these two bond lengths for the water interaction along NH side. More negative charges have been transferred to the N atom, which indicates the strong attraction between the atoms. The C3-C4 and N2-H9 bond lengths and C1-N2-H9 bond angle are increased and bond angles C1-N2-C3 and N2-C3-C4 are decreased while the interaction of water molecules along the NH side. The bond angles C1-N2-C3 and C3-C4-C5 are found to be decreased due to the interaction of water along CH side. All other structural parameters are practically unchanged while forming the hydrogen bond either at NH or at CH sides of the cationic form of NMP.
The calculated total energy for NMP and NMP-water complex are given in Table 1 Therefore, more positive charge of H9 atom has strong attraction with the more negative charge of oxygen atom than the attraction between H10 and O14 atoms. This strong attraction reduces the hydrogen bond length and increases the interaction energy. This happened due to the charge transfer from the proton acceptor to the proton donor atoms.
NMB-water Interaction: Geometries and Energetics
In the next case, when the water binds with NH group of NMB molecule, the bond lengths C1-N2, N2-C3 and bond angles C1-N2-C3 and N2-C3-C4 are slightly decreased compared to that of isolated NMB cation. The hydrogen bond is formed almost linearly with the NH group of NMB cation, and the optimized bond angle N2-H10-O17 and hydrogen bond lengths are shown in Table 2 . There is no significant change has been observed in the optimized structural parameters of the NMB-water along CH side hydrogen bond of complex compared to that of NMB. The water molecule makes bond angle with the CH group of NMB is less than the bond formed with the NH group of NMB. The calculated interaction energies show that the water molecule binds stronger in NMB-water along NH side than the CH side. Further it can be seen in the Tables 1 and 2 , the application of the DFT techniques result in the prediction of shorter single bonds and longer double bonds compared to HF method for these polyene Schiff base models, which confirms the results of Tajhorshid and Suhai [14] that the DFT calculations have overestimate the extend of the л-electronic delocalization in the polarized polyenes.
The chemical hardness and chemical potential are calculated for these complex molecules at HF/6-31G* level of theory. Similar to NMP-water complex, the NMB-water along CH side has higher chemical hardness value that is not the minimum energy structure. This study shows that the maximum hardness principle is not obeyed for both the complexes. It is understood that the maximum hardness principle is not able to predict the most stable isomer for hydrogen bonded complexes in many occasions and the same conclusion have been arrived for the number of cases of hydrogen bonded systems [15, 16] . It is believed that water molecule can also interact with CH and CH 2 groups of NMP molecules as in the structure (b), (c), and (d). Similarly, water molecule can also bind with the CH and CH 3 groups of NMB molecules as in the structure 2b, 2c, and 2d. To confirm the above statement the topological parameters electron density (ρ) and laplacian of electron density (∇ 2 ρ) have been calculated using the "Atoms in molecules" approach. The values are given in the 
Conclusion
The MP2/6-31G* levels of theory of ab initio and B3LYP/6-31G*, B3PW91/6-31G* levels of theory of DFT method have been employed to the NMP, NMB, NMP-water and NMB-water complexes to study the hydrogen bond interactions, structural parameters and relative stability of these complexes. The NPA and MPA schemes have been employed to study the charge distribution of these complexes and the strong attraction between the hydrogen bonded atoms along NH side increases the interaction energy more and hence more stability. The calculated chemical hardness values for these complexes could not predict the order of stability, as found in the minimum energy structure. The topological parameter indicates that weak hydrogen bond is formed between water, and CH, CH 2, CH 3 groups of NMP and NMB molecules.
